were asking in advance a planned C-section for their bitch, but their reasons for asking this procedure in advance remained fully unknown in some cases. This point will be discussed.
They were all followed up during oestrus in order to determine the date of ovulation. The process of ovulation detection always included repeated vaginal smears and blood samples for progesterone plasma level measurement using chemoluminescence assay quantitative assays (Progesterone II ® , Elecsys 2010, Roche Diagnostics, Meylan, France; England & Concannon, 2002) . For some bitches, it was completed by a daily ovarian ultrasound exam. Ovulation was considered to occur when progesterone plasma level was approximately 6 ng/ml and, for bitches on which the exam could be done, was stated when there was a clear change in the aspect of the ovaries detected by ultrasonography (Fontbonne, 2008) . Diagnosis of gestation was made by ultrasonography approximately 21-25 days post-ovulation.
| Preparation of caesarean section
Bitches were seen in consultation on day 60 post-ovulation (except for four bitches on day 59). Progesterone plasma level was measured. If progesterone plasma level was ≤2 ng/ml (Concannon, 2011; Concannon, England, Verstegen, & Linde-Forsberg, 2000) , the bitch was excluded from our study and the C-section was performed on the same day (the bitch was considered as "at term").
Foetal viability was also checked by ultrasonography (measurement of heart rates; Beccaglia, Alonge, Trovo', & Luvoni, 2016) . The foetal maturity was estimated according to digestive mobility and kidney development (Beccaglia et al., 2016; Gil, Garcia, & Froes, 2015 ). Yet, the presence of lactation was also taken into account.
When the foetuses seemed mature under ultrasonographic examination and if the bitch produced milk and the progesterone plasma level was >2 ng/ml, an injection of aglepristone was given. If the fetuses did not seem mature and/or the bitch did not seem to produce enough milk, the injection was not given. The bitch was then seen in consultation the following day during which the same exams were conducted. If the foetuses showed any sign of suffering or if the clinical examination of the bitch revealed any abnormality, a blood sample was performed in order to measure biochemical parameters (BUN, creatinine concentration, glycemia, ionized calcemia). The decision for the C-section was then taken in agreement with the owners.
Aglepristone was injected subcutaneously in late afternoon, and the surgical procedure was performed the following morning Age of the bitch 3 4
Large litter 1 1.5
17-19 hr after the injection. It was used at a dosage of 5-15 mg/kg (average of 11.1 mg/kg, Alizine ® , Virbac, France) in order to adapt the price, especially for giant breeds.
| Caesarean section protocol
The protocol of anaesthesia varied during the study depending on general procedures used in the hospital and was decided by the anaesthetic team.
Metoclopramide (Emeprid ® , 0.3 mg/kg) was sometimes used as premedication (see in Table 2 that resumes the number of bitches per protocol) to stimulate the lactation and to prevent vomiting because bitches were not always sober and especially on brachycephalic breeds.
Induction was always done intravenously with propofol After resuscitation (liquid aspiration in the airways with a nose pump, friction and reheating), puppies were kept in a paediatric incubator (T: 30°C, humidity approximately 60%) until the surgery was completed. All puppies were examined to exclude any visible congenital defect that could have led to a decision of euthanasia.
We controlled that all puppies had suckled their mother at least once before letting the owners take the bitch and the puppies back home, which was done as soon as the bitch was able to walk and if the clinical examination was correct.
Bitches were monitored by the owners at home (rectal temperature, activity, appetite) as well as the puppies (daily weight control for the next 2 weeks).
| Perinatal mortality
All the owners were contacted by phone calls and/or emails in 2017
to get precise news of the litters. Numbers of stillborn and puppies that died within 2 days, 2 weeks or before weaning were registered.
Perinatal mortality was defined as the sum of stillborn and puppies that died during the first 2 weeks after birth. The potential causes of death (disease included hypoxia, fading puppy syndrome and aspiration bronchopneumonia, malformation, crushed by the mother…) were also registered as well as the bitches' behaviour (maternal or not).
| Statistical analysis
An exact Fisher test was used to compare neonatal mortality in puppies whose mother had a dosage of aglepristone over or below 10 mg/kg and to compare neonatal mortality at different date of C-sections.
| RE SULTS
The study period started from 1 December 2008 and ended 31
March 2017. A total of 84 C-sections were registered in the client hospital software, but 10 bitches were excluded since the owners never answered the phone calls and emails in 2017. The remaining 74 C-sections were performed on 59 different bitches (Table 3) .
One surgery was not done in our hospital because it was performed in August 2011 when the hospital was closed. However, the anaesthetic protocol was similar. Table 3 presents the data of each bitch. A total of 71/74 bitches had a progesterone plasma level >2 ng/ml, minimum: 3.26 ng/ml; maximum: 27.21 ng/ml. For the three remaining bitches, progesterone plasma level values were not registered in the software by mistake. Nevertheless, an aglepristone injection was given in all bitches and the surgery was done the day after. All of them were in good physical and medical condition at the time of surgery, and none showed any sign of disease. No local reaction at the injection site was observed or reported by the owners in the weeks following surgery.
TA B L E 2 Protocols of anaesthesia

Number of bitches
Twenty-one breeds were represented most of which were
French and English bulldogs (French, 16%, 13/74; English, 10%, 8/74) and Great Danes (16%, 13/74). Table 4 shows all the breeds that were concerned.
The mean litter size at the time of C-section was 5.88 puppies per litter (1-15 pups per litter); 41% (30/74) of bitches were primiparous and 85% (63/74) already produced some milk on the day of surgery. No information about it could be found for four bitches. In seven bitches among the 11 bitches left, it was impossible to detect any sign of lactation at the time of surgery (and the owners could not remember this information for four bitches). Concerning these 11 bitches, milk ejection was observed <24 hr after surgery. Nevertheless, among these 11 bitches, only one puppy death in the neonatal period was noted and it was stillborn and the owners supplied milk to the puppies when necessary.
A total of 435 puppies were born by planned C-section. The average number of dead puppies per litter relative to the delay ovulation C-section was similar (0.4 puppies per litter at day 60, 0.7 at day 61, 0.4 at day 62 as shown in Table 5 ). No significant difference was observed between groups (p = 1).
No local reaction associated with the use of aglepristone was observed.
There was no significant difference between the number of dead puppies if the bitch received an aglepristone dosage ≥ or <10 mg/ kg (p = 0.52). A total of 41/74 bitches received a dosage ≥10 mg/kg, 30/74 bitches <(the data were missing in 3/74 bitches).
The main reasons that motivated the breeders to ask for a planned C-section were the breed "at risk" and the history of dystocia for the bitch or its siblings as shown in Table 1 . 
| D ISCUSS I ON
The aim of our work was to study neonatal mortality after planned C-sections using aglepristone as a primer. To the best of our knowledge, it is the first study conducted on this size of sample (435 puppies) with this protocol.
The authors would like first to insist again on the fact that Csection should not be considered as convenient surgeries. Natural whelping should be promoted, and breeds incapable to whelp naturally should not be encouraged. Nevertheless, many breeders continue to breed bitches "at risk" of dystocia and the health of the puppies and the mother also has to be taken into account which is why the authors wanted to give scientific aspects of neonatal mortality using a specific protocol of C-section. For 22 bitches, the owners could not remember the reason why they asked for a C-section.
Nevertheless, those bitches, except for one, were in the categories described in the literature to be at risk of dystocia. Indeed, 8/22
bitches were brachycephalic breeds, 10/22 were giant breeds among which 4/10 had big litters (nine or more puppies) and 2/10 were supposed to be at risk of single puppy syndrome (two puppies on two Great Danes), 3/22 were miniature breeds (one Pekingese and one
Chihuahua that had only one puppy and one Miniature Bull terrier) and 1/22 bitch was not in those categories (Bergström et al., 2006; Tønnessen, Borge, Nødtvedt, & Indrebø, 2012) .
According to our results, the use of aglepristone together with a precise determination of the ovulation date seemed to be a safe method. No adverse effect on any of the 74 bitches has been observed. Moreover, the method itself appears safe for the puppies.
No puppy showed any sign of prematurity, and no post-operative complication was noticed. Perhaps, we may regret that no witness group of elective C-section (without aglepristone) was included.
Most data in the literature focus on natural whelping, emergency C-sections or both. Table 6 summarizes the different data.
When considering all kinds of parturitions (natural or C-sections, in emergency or planned in advance), the total neonatal mortality varies between 2.6% and 35% (Chastant-Maillard et al., 2017; Gill, 2001; Indrebø, Trangerud, & Moe, 2007; Mila, Grellet, Feugier, & Chastant-Maillard, 2015; Moon, Erb, Ludders, Gleed, & Pascoe, 2000; Tønnessen et al., 2012) . In these studies, the number of cases was very different (from 188 puppies in the study of Levy et al. One of the challenges when planning a C-section is to be sure that the puppies will be mature and able to survive. In our study, the first control before surgery was done at day 59 or 60 post-ovulation. It is important to notice that determining the day of ovulation by progesterone assays is not 100% accurate. Indeed, Fontbonne (2008) showed, comparing ovulation detection by ovarian ultrasonography and progesterone assays, that progesterone alone failed in determining the day of ovulation in 15.3% (9/59) bitches (Fontbonne, 2008) . In their studies, Levy et al. (2009) 
Tsutsui, Hori, Kirihara, Kawakami, & Concannon, 2006) . In our study, all C-sections were done at a time where foetal maturity was supposed to have arrived. Furthermore, according to one study, the use of aglepristone may be positive for the final foetal lung development and production of surfactant to be completed (Bonte et al., 2017) .
Aglepristone has been successfully used to induce natural whelping in association or not with oxytocin after 58 days post-ovulation in different studies (Baan et al., 2005 (Baan et al., , 2008 Fieni & Gogny, 2009; Fontbonne et al., 2009) . Baan et al. (2005) compared different parameters to see whether aglepristone was safe to use in bitches but also for the puppies. They showed that, compared with a natural whelping, there was no significant difference in puppy survival, weight at birth, growth rate, whelping length and interval between the birth of two successive puppies during the course of parturition (Baan et al., 2005) . Those studies show that aglepristone is safe to use and is able to mimic the natural hormonal changes that happen before whelping.
However, in those studies, the molecule was used at 15 mg/kg which was not always achieved in our study. Baan et al. (2005) did not notice local reaction at the injection site. In giant breeds, a dosage of 15 mg/ kg represents a huge volume to inject and it is very expensive. That is why on giant bitches, although it was an empirical procedure, we decided to decrease the dosage in order to avoid local reactions and to lower the price. In our study, no significant difference was found on neonatal mortality in puppies from bitches that had received high or low dosages of aglepristone (see Table 3 ).
Most of dystocia end up in C-sections, and Moon et al., 2000 showed that the likelihood of having all puppies alive at birth following an emergency C-section is much lower (one-third as likely)
than if there was an elective C-section, performed just after the drop of progesterone (Moon et al., 2000) . The aim of veterinarians and breeders is to identify in advance bitches that could be at risk in order to propose a safe protocol in those specific cases. The first risk factor is the breed of the bitch, which is also the main reason in our study for the owners asking for a C-section (Table 1) . Brachycephalic, miniature and giant breeds are good candidates for elective C-section (Bergström et al., 2006; Tønnessen et al., 2012) . Primiparous bitches over 6 years old are three times more likely to have a dystocia (Tønnessen et al., 2012) . The litter size and the duration of parturition also have a negative impact on neonatal mortality (Indrebø et al., 2007; McLean, 2012; Mila et al., 2015; Tønnessen et al., 2012) .
In brachycephalic breeds, bitches >6 years, miniature bitches, big or very small litters and bitches known to have long-lasting parturition, it may be interesting to offer to the owners the alternative of a Csection, planned in advance and using aglepristone as a primer.
This study covers a period of nine successive years. The multiple anaesthetic protocols used over this time have been adapted in accord with the upcoming new data of the literature. These different protocols could represent a confounding factor for the analysis of our results. Nevertheless, no controversial molecules were used and all the protocols are reported in the recent scientific literature (Moon et al., 2000; Moon-Massat & Erb, 2002; Robertson, 2016) .
Metoclopramide was often used during premedication, and all bitches were induced by an intravenous anaesthetic agent (propofol or alfaxalone) and maintained with a volatile agent (isoflurane or sevoflurane). Those potential differences could have been analysed separately by a statistical comparison, but this was out of the objective of this study, centered on the aglepristone effect.
In conclusion, this descriptive study has shown that using aglepristone as a primer for C-sections is a safe procedure for bitches and for puppies' survival. The neonatal mortality that we observed was lower than most data presented in previous literature. This may offer an interesting alternative for owners as it also permits to save time and money without waiting for the pre-partum drop of progesterone. It should be offered for bitches "at risk" like brachycephalic breeds, primiparous bitches >6 years old or bitches having presented long-lasting whelping or dystocia. Our study demonstrates that using aglepristone is a safe procedure for the bitch and the puppies. But it does not fully demonstrate that aglepristone has a positive influence on neonatal survival.
For testing this hypothesis, a control group with C-section without using aglepristone as a primer should be added. In our study, having a control group with C-section on bitches before term without aglepristone was not possible because it is a retrospective study and we had to use the collected data a posteriori. Furthermore, it was nearly impossible on the human point of view to organize a control group, as we were performing these planned C-sections on bitches belonging to clients that were expecting a specific protocol using aglepristone.
It would have been difficult to make a control group and taking risks with the survival of neonates. In a future study, it will be essential to compare the data of neonatal mortality after emergency C-sections or elective C-sections without using aglepristone as a primer in the same clinical conditions.
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